hat propagates through the random medium, scatt off an object, and then returns through the same ri dom medium shows an enhancement of intensity the backscatter direction. The effect is closely relal to the backscatter enhancement of light scattered dense random media 13 and randomly rough s faces 1 4 "1 5 : the key feature is that multiple scatter: can give rise to constructive interference in the ba scatter direction.
In contrast to most of the previous research,'-' 2 t Letter considers imaging rather than propagat through a random medium (a phase screen). A sti of this problem has been presented by Fante,' 6 v derived a general expression for the average imĩ ntensity for a object coherently illuminated E viewed through the same phase screen [Eq. (58) of F 16]; however, the complexity of the general express did not reveal the fact that diffraction-limited inf mation about the object was contained in it or poini the simple physical explanation of this result.
In this Letter we consider the particular case of object in the far field of a random screen situated the pupil plane of the illumination and viewing s tem, as shown in Fig. 1 . The random screen is sumed to be such that its complex amplitude transn tance is a stationary circular complex Gaussian E cess a(t) and will be referred to as a phase scri (although there is also an intensity component). 1 Gaussian model is used to make the analysis simy but is not crucial to the general principle of the me od. One-dimensional notation is used throughout A uniform beam of laser light behind the pupil pl of unit amplitude is transmitted through the cc bined system of the lens and phase screen. The sulting complex amplitude at the pupil plane is
where h 0 (Q) is the amplitude transmission functioi the lens, which includes any aberrations. The c( plex amplitude in the far field is then given by
where R represents the distance of the object from the pupil plane, X is the wavelength of the laser light, and unimportant constants are ignored. If the object is characterized by a complex amplitude reflectivity o(x), the backscattered amplitude at the pupil plane is
J -( XR (3) and the Fourier transform of the image intensity is given by
-ao (4) where the spatial frequency coordinate 71 is expressed as a distance in the pupil plane. Substitution of Eqs. (1)- (3) into Eq. (4) and averaging over the ensemble of random screens gives, after evaluation of the fourth-order moment of a(Q),
where Ca(7h) = (a(Q)a*(Q + 77)) and 5(Q/XR) is the Fourier transform of o(x). Clearly, the average Fourier spectrum of the image intensity, Eq. 
where ,(n(q/XR), which is the weighted Fourier transform of the object intensity, is given by
where D is the pupil diameter and OTF(Q) is the aberration-free optical transfer function. The second term of Eq. (5) contains information on spatial frequencies in the object up to the diffraction limit of the imaging system. With the same approximations, the second term approximately equals
where P(Q) is the unaberrated pupil function. This expression is separable with respect to integration over the varibles 4, and 62. Since in both integrals the Fourier transform of the object is convolved with the atmospheric correlation function Ca(Q), we can take them to represent blurred Fourier spectra. the expression for the high-frequency part of the original integral becomes, using the coordinate transform
JP( 1 b)1a(2 dig
where
P(t + )P() = P( + 2)p(1 -7
Theefrethefialexpesio fo2h vrg ore Equation (9) for the average Fourier transform of the image intensity for illumination and viewing through the same random screen is the main result of this Letter. It is valid for a deterministic object. The second term carries diffraction-limited information on the modulus of the Fourier transform of the object amplitude, smoothed by the function Ca(Q). In object space, this smoothing is equivalent to multiplying the object amplitude by an illumination function and results from the assumption that the object is in the far field of the phase screen-in practice one would defocus the illumination so as to illuminate uniformly the whole object, and in this case there would be no smoothing of the object spectrum.
The high spatial frequency information about 15(2o/ XR)12 is coded in an unusual way in the average spectrum (ib(n))a. Consider a spatial frequency 77 close to the diffraction limit D: in this case, P('/D -7) is a narrow function centered at the origin, and therefore this value of q picks out 15(0)12. Thus the highest spatial frequency in the average image gives information about the lowest frequency in the object. As the value of 7 decreases, the value of (ib() )a is related to the integral of values of 1(2q/IXR)12 over spatial frequencies from -(D -77) to + (D -77). In principle, one could solve (ib(77))a for 1(2V&/XR)I2 recursively using Eq. (9), although in practice another more stable algorithm would be desirable. The ability of any algorithm to reconstruct 15(2o/XR)i2 will also depend on the signal-to-noise ratio of the estimate of (ib(q))a
There is a simple physical interpretation of Eq. (9).
A. object A'. Consider two points A and A' at extreme ends of the (one-dimensional) pupil, as in Fig. 2(a) . Light emanating from A that ends up at A' picks up exactly the same phase error as that which emanates from A' and ends up at A; the light from these two paths interferes constructively in the image plane and gives rise to the second term in Eq. (9) . In this particular case (X = D) there is only one pair of such paths, and the object information is only that at zero spatial frequency. Figure 2 (b) shows three paths contributing to the second term for an intermediate frequency < D. The reciprocal paths are AA', BB', and CC', and all contribute to the frequency X in the image plane-however, the three paths pick out different spatial frequencies of the object as in the case of tilted coherent illumination. Thus at this frequency the average image spectrum gives information on the integral of the Fourier modulus of the object over a certain range. The analysis presented in this Letter has been restricted to a particularly simple case: in particular, the object was deterministic and in the far field and the random screen had complex Gaussian statistics. Based on the simple physical interpretation of the mechanism of the double-passage effect, we believe that the results are more generally applicable, although the detailed form of the equations will be altered.
